Abstract-Current on-the-move network applications rely heavily on RF solutions to maintain mobility while providing adequate voice, video and data solutions. These applications demand the ability to quickly establish a network infrastructure and to be able to break down and move on when required. While existing RF technologies allow the user to remain mobile in the field, the future of on-the-move communications will demand a higher bandwidth than the current RF solutions can handle. This paper will explore the current efforts being made by the Army in the exploration of laser communications as a solution for these high bandwidth applications.
INTRODUCTION
As the number of applications, such as GPS, Sensors and Video Teleconferencing, being provided to the individual user increase, there will be a greater demand for bandwidth in the wireless backbone. Current R.F advancements are providing more and more bandwidth but will quickly be overwhelmed by the growing requirements of these mobile infrastructures. Future architectures envision thousands of users being provided voice, video and data access simultaneously from a common backbone. Through this backbone multiple users can pass traffic from their personal applications to remote sites off of their local infrastructure. Mobile nodes that must provide adequate bandwidth without becoming a bottleneck will need to access this backbone.
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Presently, the Army network suffers from a lack of bandwidth in its backbone tactical networks. Higher echelon networks can remain relatively stationary but cannot provide adequate throughput to the more mobile, lower echelons. As you progress deeper into these mobile echelons to the dismounted soldier it becomes evident that the existing networks will be unable to handle future applications with RF sofutions. Laser communications has been explored extensively as a solution to the Army's needs and many new developments have been made.
The basic needs of a military deployment include the ability to arrive to an area without network access and to quickly deploy a wireless network that can ultimately communicate with all echelons of the military. Ideally these systems are housed on mobiIe units that can maneuver into the area to construct the network. Each of these mobile nodes will interconnect with each other to form a network hierarchy.
These interconnects can be wireless or wireline depending on distances and other requirements.
Utilizing UAVs and satellite technologies as relays for backbone long haul traffic also enables the network to span large distances. Tiered networks can then be constructed providing different levels of access to various military echelons. The lowest tier.would act as a node for all local communications from soldiers. in the field and provide access to remote appIications and systems. The highest tier would generally be headquarters or a tactical operations center (TOC) that communicates with the lower echeIons.
Once the area becomes hostile or the situation requires the deployment to move, they can quickly break down the network and move on to the next area. Individual soldiers will require constant mobility while maintaining communication with the network. However, directing RF transmission from an antenna is difficult to achieve, as there will always be some power lost in the lobes of the antenna radiation pattern. Figure 1 depicts a typical directional pattern and details the side lobes of transmission. The main directional lobe where the signal is generally received often covers an area much larger than the intended receiver. Encryption techniques can alleviate these concerns but quite often are riot completely sufficient depending on the application. For point-tepoint applications antenna designers attempt to focus the majority of the gain in the main lobe and to minimize the spread of the transmission. This lobe poses issues for eavesdropping at points both at the sides and behind the receiver. Current designs have overcome many of these issues and have resulted in effective solutions for wireless communications. Voice is often the most prevalent application being transmitted over these networks but as bandwidth increases wireless data and video applications are becoming prevalent. Transmitting these applications simultaneously over wireless links require greater bandwidth than may be available as the need grows. Users will require more throughput in the last mile of the network to deviate any bottlenecks caused by low bandwidth access points. The high demand for bandwidth for these applications is generating a greater demand for wireless 383 technologies that will provide mobility and high bandwidth.
RF LIMITATIONS
FOCUS
Security, bandwidth, range and mobiIity are all concerns for the Army's drive towards future systems. To alleviate many of these limitations in RF communications there is an effort to explore the realm of laser communications. Transmitting light through the air, however, subjects the signal to greater levels of attenuation than conventiond RF deployments. As with visible light, free space optical (FSO) wavelengths are heavily attenuated by the presence of fog, smoke and various other scatterers.
The Army is currently funding a Science & Technology Objective (STO) dubbed FOCUS (Free Space Optical Communication Systems) to explore the benefits of FSO technologies and is developing solutions to overcome any associated limitations. FOCUS' mission is to develop research to address communication when a radio silent doctrine is required. Core areas to be developed are the pointing and tracking subsystem, adaptive optics, network topology, and a propagation link model. These core areas are intrinsic to the application of ground, groundairborne crosslinks.
The characteristics of extremely narrow beam optical communications systems will be extremely advantageous to achieving the desired covertness. Generally antennas used in a point-to-point architecture spread out the radiation over angles between 5 and 25 degrees. The benefits of an FSO system are very narrow beams that are typically much less than 0. 5 degrees. An example of a radial beam pattern of 10 degrees roughly corresponds to a beam diameter of 175 meters at a distance of 1 kilometer from the originating source, whereas a beam of 0.3 degrees divergence angle typically used in FSO systems corresponds to a beam diameter of 5 meters at the same distance.
Crucial tracking and signal acquisition/ reacquisition and networking technology for on-the-move operation wiIl be developed. The overall goal will be to provide a fkamework and viable architecture for Iaser communication for the Army. The following subsections will discuss programs, which are currently under the realm of FOCUS and fulfill various goals for the program.
POINTING & TRACKING
Because of the narrow beam of optical communications, effective pointing and tracking solutions must be developed.
Ground-teground and ground-to-air applications will rely heavily on this technoiogy to provide reliable communication links, while stationary and on the move. This capability will allow ground terminals to Figure 2 above are some of the basic goals of the system in a tactical environment. Their work encompasses the many factors that affect the design of such a system including atmospheric modeling, BER, turbulence and the various algorithms associated with this effort. Phase 1 of this SBIR resulted in the design of an innovative, low cost, eye-safe, high-speed tracking basad laser communications Iink. In Phase I1 the objective is to have a laser communication system design comprised of a transponder-based closed loop tracking scheme and a proofofconcept demonstration of high-speed tracking. It will involve the actual fabrication and testing of the system where they will establish an optimum high-speed tracker design and demonstrate tracker field performance with a high bandwidth data transmitter.
A contract is also under way to develop a simiIar pointing and tracking system. This program has had previous experience designing these types of systems and is reaching the fabrication and testing phase of its design. Their system is an adaptation of existing beam pointing and tracking technology. The primary goal of this program is to demonstrate program exit criteria of laser communication systems at the FOCUS test site. Other goals are to validate progress at or beyond a prototype technical readiness level and demonstrate progress toward a planned FOCUS advanced technology demonstration (ATD) in the FYOS-FY09 time frame.
The original system was designed to automatically acquire and track retro reflective tags. In the process of tracking a retro reflector, the system maintains close alignment of its beam to the retro target. Beam stabilization using both active tracking and inertial stabilization allows alignment to be maintained in very dynamic environments, such as mounted in cars or aircraft. The capability of a unit to automatically establish and maintain the precision optical alignment of a laser beam in dynamic environments made it ideal to estabIish and maintain a free space optical communication link.
The development of effective pointing and tracking techniques for laser communications will enable the use of bandwidth enhanced links in the tactical network. These types of links will enable the use of more bandwidth demanding applications, especially video. In conjunction with UAVs and other airborne nodes, these systems will increase the range of conventional FSO solutions making it a viable replacement for various RF deployments.
ADAPTIVE OPTICS
In an effort to better understand the propagation of optical waveIengths through a fluctuating medium such as air, the Army is currently involved in the research of adaptive optics. Through the study and modeling of atmospheric behavior it is hoped to develop solutions for laser communications to overcome the degradation of a signal by effects including scattering, turbulence and scintillation. These distortions in the medium can greatly limit the range and pointing of a free space laser system. It is therefore cruciaI to the overall success of FSO communication systems that a propagation model be successfully completed and applied to existing efforts.
The development of adaptive optics is based on the notion of designing a system to contend with atmospheric fluctuations. If the actual effects of the medium on the beam can be modeled or characterized it is possible to design a system that can translate these distortions into en intelligible signal. Some approaches can include the design of complex optical systems, multiple aperture receivers or even software and hardware solutions. The approaches ultimately attempt to reduce the effects of the atmosphere on a communications beam. One topic of interest in this spectrum is the development of transmitters to reduce the turbulence-induced intensity fading of a signal. It can be shown by the use of a partially coherent Gaussian beam that these atmospheric effects can be reduced. In essence, the spatial coherence of the laser signal is partially destroyed before it is transmitted. Figure   3 compares the actual received beam shapes between a coherent and partially coherent signal with and without scintillation. The method of controlling the beam at the source can reduce the need to increase the aperture size at the receiver. Compact receivers and flexibIe designs are desirabIe features for Army communication systems.
Some of this work is currently being done at the Army Research Laboratory (ARL) were they have made several developments. Researchers have been able to develop several analytic expressions for the cross-spectral density function and spatial covariance of irradiance fluctuations of a partially coherent Gaussian laser beam. The modeling of these beams propagating through atmospheric turbulence will allow for the design of focusing or diverging characteristics of the Gaussian beam wave. Analysis of bit error rates (BER) for these waves has also been prepared in an effort to make them applicable to communication systems. Future efforts will require more experimental data as well as more extensive modeling of these systems in a communications relative environment.
ORCLE
The Optical RF Combined Link Experiment (ORCLE) program is developing affordable and compact optical communications networks for mobile forces. This DARPA effort is focusing on laser communication technologies that do not require the laying of fiber optic cable in the tactical environment. The DARPA objective of the ORCLE program is to provide secure, assured, high data rate and end-to-end communications to airborne, terrestrial, surface, and subsurface warfighters through optical system concepts and technologies.
Part of ORCLE's methodology is to acquire commercial technology to achieve data rates of 10 gigabits per second over a 400-kilometer aircraft-to-aircraft link. The increase in bandwidth will be a large improvement over existing military communication systems. This effort will play a Iarge role in creating the high bandwidth "pipe in the sky" that will interconnect the vital nodes of the Army network in fiastructure.
A possible list of enabling technologies includes: high power beam combining, optical retro-reflector modulator, steered agile beams, multi-beam single aperture, wave division multiplexing, and innovative optical receiver technology. At completion, the program will demonstrate a high data rate link from a terrestrial point of presence to an underwater vehicle via an aircraft or spacecraft surrogate with an air-to-air relay link.
ORCLE optical technology will provide mobile and undersea forces connectivity to the Global Grid. This research will have significant impact on a wide variety of existing and future communications systems in the DoD and commercial environments. It is also expected to provide an extensible backbone technical architecture that can meet the needs of both military and civilian future wideband, mobile communication systems.
FREE SPACE OPTICS
Optical network infrastructures are also being extensively researched under the FOCUS STO. In the higher echelons where mobility is not as important, the benefits of FSO h o m e s even more apparent. Many Army installations are turning to this solution as a cost effective and comparable alternative to fiber. Fiber deployments are the common practice when developing a campus infrastructure with high bandwidth requirements but it has been shown that FSO can be a viable and cost effective alternative.
A point-to-point network infrastructure utilizing FSO links can be setup in a matter of hours in comparison to the lengthy process required for the laying of traditional titer optics. The cost of trenching, right of way and the actual fiber itself is generating a lot of interest in exploring free space laser communication solutions. There are several commercial sources for FSO technologies ' that are developing these technologies and their market share is growing. These solutions are deployable at both home and abroad where a network infiastructure needs to be established in an area where none existed before.
FOCUS currently has an Atmospheric Mitigation / Link
Modeling test bed in place at ARL and Fort Monmouth.
The purpose of the setup is to provide a proof of concept demonstration site for FSO technologies as well as a simulated environment for laser communications. This site has been used for multiple applications including atmospheric modeling and real time video. Future work will include demonstrations of a few of the projects discussed as well as future research topics. The Army is exploring free space laser communications as a viable solution to these concerns. As with any technology in development there are many obstacles to overcome. Future work will begin to demonstrate the proof of concept of these solutions and will facilitate the transition of laser communications into the existing tactical environment. The flexibility, security and high bandwidth characteristics of optical communications make it an ideal solution for the future of the mobile Army communications network. 
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